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Indian Standard 

METHODS OF MEASUREMENT OF 
NOISE EMITTED BY MACHINES 

0. FOREWORD 

0*1 This Indian Standard was adopted by the Indian Standards Institution 
on 3 September 1968, after the draft finalized by the Acoustics Sectional 
Committee had been approved by the Electrotechnical Division Council. 

0.2 This standard concerns with the procedures followed in the objective 
measurements of noise eniitted by machines. These procedures are not 
necessarily applicable to noise of an impulsive character. 

0.3 This standard describes the general principles of metiiods of measure- 
ments of machinery noise based on which individual standards may be 
formulated. The specific standard covering methods of measurement of 
noise of the various types of machines will have to select the most suitable 
method having regard to the size of the machine and its application. All 

^^^^^^^^^"^ * . ^~^^^^"'"- 

0.4 The measurement of tlie physical characteristics of the noise ol 
machines has the following four objects: 

a) To verily that the noise of a given machine conforms to a certain 
standard, 

b) To make a comparison between the noise emitted by machines 
built to the same specification, 

c\ To make a comparison between the noise emitted by dilTerent 

machines, and 
d) To determine the noise received at a distance. 

The four aims specified above are achieved by determining the acous- 
tic noise power radiated by the machine as well as the directivity, these 
quantities being measured as a function of the frequency. Determination 
of the acoustic power should thus be the preferred method for the measure- 
ment of the noise of machines. The different methods of measuring 
acoustic power are given in Appendices A to C. 

0.4,1 Determination of the power and the directivity, however, leads to 
the siting of the points oi^ measurement sufficiently removed from the 
machine for the roiiditions of propagation by progressive waves to be 
established. It is also necessary that at this site, the reflections from the 
walls of the premises sliall have no elTect. This requires premises of 
relativelv large dnnensions c-frnpared with those of the machine, with very 
absorbent walls. 
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0.4.2 It is sonietitnes [K>ssii>lo to use rooms with very revtMl>eraiit walls, 
wlicro the acoustics iiolcl rends to l)cconie unilbnu. l^ut the dirt^ctivity of 
the noise radiated caurKJt he determined under these conditif>ns. In addi- 
tion, the problems of the spctnal premises reinain the same. 

0.4.3 It may also be possil)]e to use semi-reverberant spaces l)ut this 
method can provide only the limited information on the directivity of 
acoustic radiation and very roui^h estimation of the acoustic power. 

0.4.4 While theie will be no diiliculty to provide necessary acoustic 
environment ior small machines, il may not always be possible to achieve 
the necessary conditions i})V large machines^ special installation condition of 
the machine may be recjuired. These conditions cannot always 
be met particularly for large machines. It may not also be possible to 
bring the niachine to a room suitable i<)r the determinatif^n of the acoustic 
power. Hence, use is (41en made of a simplified method in which sound 
pressure rneasivrements are carried out at certain measurement points suit- 
ably spread around the outer casing of the machine^ suOtciently close to 
the machine to o]>viate the effect of the sound reflections. Such a method 
enables the object (a) to Ije achieved with the desired precision, the 
dimensions of the machin<^ being generally sulhciently well-delinedj but it 
does not enafjle objects ( c) and ( d ) to be obtained. It is, however, possible 
for the acoustic conditions at a distance to be evaluated approximately on 
the basis of pressure measurements carried oiat in the vicinity of the 
machine by taking into account the surface on which the nieasuremonts 
have been carried out. 

0.5 This standard K)llows closely ISO Recommendation 495 Hkuieial 
requirements for the preparation of test crudes for measuring the noise 
emitted by machJr}(^^' issued by the International Organization for 
Standardization. 

0.6 In reporting the result of a test made in accordance with this standard, 
if the final value, observed or calculated, is to be rounded ofl', it shall be 
done in accordance with IS : 2-1960*. 



1. SCOPE 

1.1 This standard deals with the procedures to be followed in the objective 
measurement of the noise emitted by machines. These procedures are not 
necessarily applicable to noise of an impulsive character. 

2. TERMINOLOGY 

2.0 For the purpDse of this standard, the following definitions shall apply. 



♦Rules for rounding off numerical values ( revised ) . 

3 
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2.1 Sound Pressure Level- Twenty linios th*^ common ( Brigjij^sian ) 
logarithm of the ratio n\' a gi\ cvi soinul pressure to l)e stated reference 
pressure. 

i\OTt} 1 ~ Unless othcrvvist- explicitly siaiod, ii is to hr. understood that the sound 
jMVssuir is the (Hit rtivc (rms) sound prrssur( . 

Nov;: 2 -It is to be noted that m inans sound fields the sound pressure ratios 
are not tlie s(|uarc roots of the eoriespondinir power ratios. 

2.2 Sound Level — The reading given by a sound level meter complying 
with the relevant Indian Standard {see IS :' 3932-1 966* ). 

2.3 Sound Power Level — Ten times the common (Briggsian) logarithm 
the ratio of a given sound power to a stated reference power. 

2.4 Machine— Any sound source of which the acoustical characteristics 
are to be measured. 

2.5 Prescribed Surface - A hypothetical surface surrounding the machine 
as given in the individual standard and over which the measurements are 
assumed to be made. Its area is calculated as laid drrvvn in the individual 
standard. 

2.6 Equivalent Hemisphere — Hypothetical hemisphere having the same 
area as the prescribed surface. 

2.7 Reference Radius — Radius (measured from the centre of the equi- 
valent hemisphere ) . as given in the individual standard, to which all the 
results of measurnnents made on machines of the same category (tested 
according to the same standard), arc reduced. 

3, GENERAL 

3*1 Installation and Operation of the Machine — The acoustic radia- 
tion of the machine can depend on its installation, particularly when the 
machine is one of small dimensions. The condition of installation and the 
conditions of operation of the machine during the test shall be included in 
the individual specification. 

3,2 Quantities to be Measured — Depending on the purpose of the 
measurement, natine of the noiso source, and the character of the sound 
field, one or both of the following quantities should be measured: 

a) Sound level ( it is recommended that the weighting network A will 
be adopted), and 

b) Sound pressure level in (irequency bands of given width. 

XoTK It is recommended that oeta\e bands be used. For narrower bands, the 

result should be expressed iii octave band. 



*Speeification for sound level meters for treneral purposes tise. 
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3.2.1 Since in all cases a pressure microphone will be used, the result of 
the measurements will be band sound pressure level or sound level values. 

Note 1 — When the spectral distribution of the noise is well known, a measure- 
ment of wide band sound pressure level or sound level may suffice. 

f Note 2 — Any determination of the spectral distribution of the noise should be in 

frequency bands corresponding to those specified in IS : 2264-1963*. 

3.3 Measuring Equipment — A sound level meter {see IS: 3932-19661) 
or a frequency analyzer or both shall be used as specified in the relevant 
standard. 

3,3.1 The measuring equipment shall be calibrated against acoustic 

standards at suitable intervals. 

3.4 Measuring Positions — In the individual standard, the sound pressure 

level measuring positions are to be clearly laid down. 

4. METHODS OF MEASUREMENT 

4,1 The accurate determination of the acoustic power of a machine 
(see 0.4) has to be performed either as a far-field sound pressure level 
measurement under hemispherical radiation or free-field conditions, or as a 
sound pressure level measurement in a reverberant room under diffuse field 
conditions. In cases where it is difficult to take sound pressure level 
measurements under these conditions, the measurements may have to be 
performed under semi-reverberant conditions (see Appendix G), or near- 
field measurements {see Appendix D) be made. 

4.1.1 The following four methods are available for the determination of 
acoustic noise power of the machine and/or the sound pressure level of the 
noise emitted: 

a) Hemispherical radiation and free-field methods — Th^ basic principle of 
this method and evaluation of the radiated acoustic noise power 
and its directivity are described in Appendix A; 

b) Diffuse-field method — The basic principle of this method and evalua- 
tion of acoustic noise power are described in Appendix B. This 
method does not provide information on the directivity qf the 
acoustic radiation. Since the degree of diffusion is dependent upon 
the nature of the noise source, this method is not recommended for 
machines the noise from which contains prominent components; 

c) Semi-reverberant method — The basic principle of this method is 
described in Appendix C. This method provides only limited 
information on the directivity of the acoustic radiation and a rough 
calculation of radiated acoustic noise power; and 



♦Preferred frequencies for acoustical measurements. 
tSpecification for sound level meters for general purposes use. 
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d) Near-field method — In this method the sound pressure level measure- 
ments only are made close to the machines. Details of this 
method along with the required calculations and evaluation of 
approximate acoustic noise power are given in Appendix D. This 
method is particularly applicable to large machines {see 0,4). 

4^2 Correction for Background Noise — The background noise read- 
ings when the machine is not on test should be determined using the same 
filters and at the same points as for the test. The readings at each point 
with the machine on test ought to exceed those due to the background 
noise alone by at least 10 dB. 

4.2.1 When the differences are less than 10 dB, corrections as given 
below shall be applied : 



dB Increase in Level 
Produced by the Machine 

(dB) 

3 

4.5 

6-9 



dB TO BE Subtracted 
FROM THE Measured Valine 

(dB) 

3 
2 

1 



When corrections are applied the corrected levels should be reported 
in brackets. 

4.2.2 When the increase is less than 3 dB, measurements in general cease 
to have any significance. 

5. PRESENTATION OF TEST RESULTS 

5.1 The test report shall give the following information in all cases: 

a) Reference to individual standard, if any; 

b) Description of the machine and of its conditions of installation and 
operation; 

c) Description of the test environment and location of the machine; 

d) Meteorological conditions, if appropriate, for example, ambient 
temperature, relative humidity and barometric pressure; 

e) Description of measuring apparatus used; 

Note 1 — When a sound level meter is used, the type employed and the 
wcightingiietwork used should be stated. 

Note 2 — When a frequency analyzer is used, the band widths and centre 
frequencies should be stated. 

f) Position of measuring points; 
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g) Results of sound pressure level measurements; 

h) Background noise levels; 

j) Sound pressure level values corrected for background noise, if 
necessary: 

k) When required, the calculated octave band sound power levels; 

m) When required, the sound pressure level at the reference radius or 
reference surface corrected as for free-field conditions; and 

n) In the case of measurements in an anechoic environment, when 
required, the directivity index as calculated by the method of 
Appendix A. 

Note — Values of the directivity index at intervals of 30*^ are generally 
sufficient. 

5.1.1 Additional Information to be Given for Near-Field Sound Pressure Level 
Measurements 

a) Description of the prescribed surface and equivalent hemisphere. 

b ) Results of sound pressure level measurements, either average or 
individual, as specified in the individual standard. 

c) Effect, if any, of environment. 

d ) Extrapolation of the results to the reference radius specified in the 
individual standard by the method given in Appendix D. 

6. CHOICE OF METHOD 

6.1 The objects specified in 0.4 are achieved by determining the acoustic 
power radiated by the machine as well as the directivity. Hence the 
method that permits the determination of acoustic power is recommended. 
However, the choice of method depends on the size of the machine and its 
application. 

6.1.1 The methods specified in 4.1.1 (a) enable the determination of the 
acoustic noise power of the machine and its directivity (physical proper- 
ties of the machine noise) and the calculation of the sound pressure level 
in other distance or other rooms. 

If the directivity is not pronounced or there are no great variations from 
one machine to another, it may be preferable to determine the acoustic 
power from measurements in a diffuse field as specified in 4.1.1 { b) . In 
this case since the characteristics of the reverberant enclosure generally 
vary with frequency, it is usually necessary to analyze the noise in 
frequency bands. 

These two methods are prefen'ed methods. 
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6,1,2 In certain cases, the method specified in 4.1,1 (c) which is less 
accurate may be acceptable. Determination of acoustic power by this 
method is often less precise. 

6.1*3 When measurements according to 4,1,1 (a) to (c) are difficult to 
perform, measurement of the sound pressure levelclose to the machine and 
where appropriate, the determination of sound pressure level at the refer- 
ence radius, in accordance, with 4.1.1 (d) may have to be made. These 
may be the only measurements possible when difficulties are encountered 
with reflecting surt'aces or background noise. Such measurements permit 
correct comparisons to be made between similar machines built to the same 
specifications but m.ake possible only an approxim.ate determination of the 
acoustic power or the sound pressure level at a distance. 



APPENDIX A 

[Clause 4.1.1 (a)] 

DETERMINATION OF ACOUSTIC POWER AND DIRECTIVITY 

INDEX UNDER HEMISPHERICAL RADIATION AND 

FREE-FIELD CONDITIONS 

A-1. PRINCIPLE OF MEASUREMENT 

A-1.1 The determination of the power and the directivity requires the 
siting of measurements f)oints sufficiently remote from the machine for 
the conditions of propagation of progressive sound waves to be estab- 
lished. There should be no reflected waves at the measurement points 
and this requires premises with sufficiently absorbent walls and dimen- 
sions large compared with those of machine. Any effect of the surround- 
ings or near-field effects will be made apparent by measuring over two 
surfaces and checking if the sound pressure varies inversely as the square 
root of the ratio of surface areas. A ratio of areas of 2 or 4 is recom- 
mended, corresponding to —3 and — 6 dB respectively. The results of 
such check measurements should be stated. 

A.2. DETERMINATION OF ACOUSTIC POWER 

A-2.1 Many machines are mounted on or near a reflecting floor plane. 
Under these conditions, in the absence of reflections from, other surfaces 
of the environment and in the absence of absorption in the surroundings, 
the sound power level may be determined. A hemisphere is marked 
out around the machine and the sound power level calculated as follows: 



10 log,„ ~ 20 log,„ |S + 10 logjo ^ 

^O jKO '-'O 
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10 logjQ p is the sound power level of the machine under test, 



10-1^ IV 



In this equation: 

P 

Po 
above, 



20 logio -^-^ is the mean sound pressure level, above 

Po 

f)o^2x 10-'^ N/m2 ( 2 X 10-4 dyn/cni2 ) 
2^ r^ is the surface of the test hemisphere, relative to 5o=l m*. 

The quantity p^m is the mean value in space of the square of the rms 
sound piessures recorded at a certain number of measuring points, on a 
test hemisphere of radius r with the machine as its centre. It is neces- 
sary that r be sufficiently large for the measuring points to come within 
the field of progressive waves where sound pressure and particle velo- 
city are in phase. In the most usual cases, a value of r of the order of 
twice the dimensions of the machine suffices to fulfil this condition. In 
the above expression the acoustic impedance of the air is assumed to 
be equal to pC=400 mks (rayls). When the machine is not mounted 
on a reflecting plane but is in free space, the radiation becomes spheri- 
cal and not hemispherical and In r^ should be replaced by 47r r^. 

A-3. DETERMINATION OF THE DIRECTIVITY INDEX 

A-3.1 The directivity Index can be calculated as follows on the basis 
of the vneasuromonts carried out under hemispherical radiation conditions: 

/)/=20 log,o -/- -20 log,„ -^ +3 dB ...(2) 

Po Po 

In this equation : 

DI is the directivity index in the direction considered, the reflect- 
ing plane being regarded as an integral part of the source. 

20 logu, is the soimd pressure level, above 

po^2x 10--^ N/m2 ( 2 X 10-* dyn/cm2 ) 
at the distance from the centre equal to r in the direction considered 

20 logj(^ iJ^ is the mean sound pressure level, above 

po 

j&o- 2 X 10-^ N/m2 ( 2 X 10-** dyn/cm2) 
on the test hemisphere of radius ?, 
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When the machine is not mounted on a reflecting plane hut is in free 
space, the radiation becomes spherical and not hemispherical and the 
3 dB in equation 2 should be omitted. 



APPENDIX B 

[Clause 4.1.1. fb)J 

DETERMINATION OF ACOUSTIC POWER UNDER 
DIFFUSE FIELD CONDITIONS 

B-l. PRINCIPLE OF MEASUREMENT 

B-1.1 As an alternative to the hemisplierlcal radiation and free-field 
methods, the use of a highly reverberant enclosure is recommended. In 
this case^ the sound field tends to become uniform and the relevant theory 
for sound power determination is described In B-2. This method can 
provide no inlbrniation on the directivity of the acoustic radiation. 

B.2. DETERMINATION OF ACOUSTIC POWER 

B-2.1 {[ the machine undfT test is placed on the floor of a reverberant 

room of suitable shape, and having dimensions and nnerberation time 
sucii that the sound fi(ild is appreciably diffuse throiagh<jut uiost of the 
room, the sound power P can be calculated as follows: 

10 !oK„. J- =20 i^'Ku, 1— - l'» i'«n. ^J~ + 10 lr)g,„ -J^ 14 d!i ..,(:;) 

in this orp'nrion: 

U) io^>,;, -J IS ihe sound poWfM" level of the machine under test, alM>\ e 

/^, . ]{)-''' VV 
20 l<^^|o ^ "" i^ ^l*'' nieau sound jjressure level, abo\<* 

fj,,^. 2 X i '"^ N/m- ( 2 X 10" * dyn/cm- ) 
7 ru tlie reverberation tinu^ in seconds 
7 ,, r^ 1 second 



Fo-^1 nf= 
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The quantity p'^m is the mean square sound pressure obtained from 
measurements at a certain number of points in the diffuse (reverberant) 
field in the room. If it is not possible or convenient to determine the 
reverberation time 7\ P can be determined by using a reference sound 
source of known acoustic power {see Appendix C). 

NoTK 1 — The microphone shall not be placed too near the boundries of the room. 

A minimum distance of -^ shall be maintained, where X is the wavelength of the sound 

at the lowest frequency of interest. 

Note 2 — The microphone shall be placed sufficiently away from the source to be 

in the reverberant field and not in the near field of the source* A minimum distance 

2 i 
of -5- V is recommended, where V is the volume of the room. 
J 

Note 3 ■ — The microphone positions shall be selected to cover approximately 
equal surface area over the test hemisphere (sphere). 



APPENDIX C 

[Clause ^AA{c)] 

DETERMINATION OF SOUND POWER UNDER 
SEMI-REVERBERANT CONDITIONS 

C-l. PRINCIPLE OF MEASUREMENT 

C-Ll In practice, it is often necessary for machines to be tested in room 
having limited absorption (semi-reverberant rooms), such as factories, 
shops, offices. Under these conditions, the sound power of the 
jnachine under test can be determined by using a reference sound source 
of known acoustic power P^ which is substituted for the machine. If it is 
not possible for the machine under test to be moved, and if the test room 
is large enough, another suitable position for the reference source can 
usually be found. The reference sound source can be a machine of 
similar type or a special sound source radiating noise having a sufficiently 
uniform spectral distribution over the whole frequency range of interest. 
Determination of the sound power of the reference source is to be carried 
out by the method described in Appendix A and Appendix B, or the 
result can also be provided by a testing laboratory. 

C-2, DETERMINATION OF ACOUSTIC POWER 

C-2.1 The acoustic power level P of the machine under test can be 
calculated as follows: 

10 log,o ^ = 10 log,o^ + 20 log,o-^ - 20 logio-^ ...(4) 

•To i^o Po Po 

11 
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In this equation: 



above 



P 

lOlogjo -75 — is the sovnid power level of the machine under test, 

10 iogio -p^ is the sound power level of the reference source, above 



Po 



Po==\0-'^W 



20 logio — ^ is the mean sound pressure level of the machine under 



test, above 



Po 



/^o--2xlO-^N/m2 (2xl0-*dyn/cm2) 



20 logio ^^^ is the mean sound pressure level of the reference source, 

po 

above 

Po^2 X 10-^ N/m^ ( 2 X 10-^ dyn/cm2) 

The quantities p^m and p^mr are the space averages of the mean square 
sound pressures recorded at a certain number of points on the test hemi- 
sphere of radius r in the semi-reverberant room, with the machine as its 
centre. The radius r is chosen as in the case for hemispherical radiation or 
free-field conditions (Appendix A). The measuring points are chosen in 
the same way for the reference source and for the machine under test. 

C-2.2 In many cases a region of the sound field can be found where the 
sound pressure level beyond the distance r does not vary appreciably with 
position. In that event, the above equation can still be used to calculate 
P. The quantities p^u^ and p^mr then represent the mean values of the* 
squares of the rm.s sound pressures recorded at a certain number oT 
points in the reverberant field of the test room. This procedure can also be 
followed in a reverberant room {see Appendix B). 



APPENDIX D 

[Clause ^.lA (d) ] 

NEAR-FIELD SOUND PRESSURE LEVEL MEASUREMENT 

D-l. MEASUREMENT 

D-1.1 Prescribed Surface — A surface as simple as possible and whose 
area can be calculated easily is to be marked out round the machine con- 
forming approximately to the external casing. This surface and its 

12 
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average distance from the outer casing are to ht^ laid down in eiic}i indi- 
vidual standard. The number and disposition of the measuring points 
required depend on the irregurlarity of the acoustic field. When it i^ 
necessary to carry out measurements closer to the machine than is specified 
in the individual standai"d, or to explore only part oi' the surface, these 
limitations should be clearly stated in the test report. 

D-1.2 Evaluation of the Result — In the majority of cases, in particular 
when the directivity is not pronounced or when for the type of machine 
under consideration it varies relatively slightly from one machine to another, 
the arithmetic mean of the decibel readings over the prescribed surface 
may he a sufficiently accurate measure of the mean square pressure. 

Note — For a spread of 5 dB in the decibel readings the error in taking the mean 
of the decibels is less than 0*7 dB and for a spread of 10 dB it is less than 2*5 dB. 
When th(^ spread is greater than 10 dB. this method of averaging is generally not 
suitable. 

D-1.3 Effect of Environment — The effect of the surroundings of the 
machine may be determined by first placing such a machine in a space 
without reflections and secondly in the test environment so that a direct 
comparison can be made; every precaution should be taken to ensure 
constant conditions of machine noise and measuring apparatus. As 
accurate determination of the influence of the surroundings is not possible 
it is recommended that this influence be kept to a minimum. 

D-2. CALCULATION OF THE SOUND PRESSURE LEVEL AT 
THE REFERENCE RADIUS 

D-2.1 The sound pressure level at a reference radius which is laid down in 
the specific individual standards is calculated from that measured on the 
prescribed surface as described in D-2*2. The reference radius is to be 
laid down in each individual standard. It should be the same of all 
machines covered by a given standard. One of the values 1, 3 or 10 m 
should be adopted. It is recommended that the value chosen should be 
slightly greater than the radius of the equivalent hemisphere correspond- 
ing to the largest machine covered by the individual standard. 

D-2.2 The free-field sound pressure level at the reference radius is to be 
calculated thus: 



20 log,„ 4^=20 log,, 4!!L_20 Jog.o 



/>o - 2 X 10-s N/m* (2x10-* dyn/cm*) 



where 



■=V' 



5 
-X — = radius of equivalent hemisphere, 



IS 
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S ~ area of prescribed surface, 

d = reference radius, 
pj^ — mean sound pressure over the prescribed surface, and 
p^ — sound pressure at the reference radius. 

D-3. APPROXIMATE EVALUATION OF THE SOUND POWER 

D-3.1 In certain cases it is possible to arrive at an approximate evalua- 
tion of the sound power starting from the sound pressure level at the 
measuring distance or the reference radius {see D-2 and Appendix A). 

Note — In the case of hemispherical radiation, the numerical value of sound 
power level would be 8, 18 or 28 dB greater than the sound pressure level at the 
reference distances of 1, 3 and 10 m respectively. 
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